Rice is the major staple food crop in Asia and it feeds more than 70 per cent population of India. A study was carried out in rice using F2 segregating population of three cross combinations viz., ASD 16 × CSR 23, ASD 16 × Anna (R) 4 and MDU 6 × Ezhome1 in a non-randomized experimental design under sodic soil condition. Observations were recorded on 12 morphometric traits viz., days to flowering, plant height, flag leaf length, flag leaf width, number of productive tillers, panicle length, number of grains per panicle, spikelet fertility percentage, chlorophyll content, thousand grain weight, grain length breadth ratio and single plant yield. Genetic variability parameters and correlation varied from cross to cross and the traits number of productive tillers and number of grains per panicle showed high PCV and GCV. These characters also showed high positive correlation towards single plant yield with high direct effects in path analysis. Hence, these traits could be relied upon as selection indices under sodic soil conditions in rice.
Introduction
Rice is considered to be one of the most staple food crops with an annual production of 759. 6 million tonnes (FAOSTAT, 2018) . China, India and Indonesia account for about 30.85 percent, 20.12 percent and 8.21 percent of total global rice production respectively. It feeds more than 70 percent population in India and contributes immensely towards the global food bowl.
According to a study conducted by the Economics of Salt-Induced Land Degradation and Restoration Forum (2014) , an average of 2000 ha irrigated lands across 75 countries is being degraded by salt every year. About 6.73 million hectares of salt affected soils exist in India. Out of which, 2.96 million hectares is saline and remaining 3.77 million hectares area is classified as sodic soils (Sharma and Chaudhari, 2012) . Sodium chloride is one of the most abundant salts released from the soil. Rice is considered to be one of the most salt sensitive cereal crop. Generally, it cannot grow in soils with Electrical Conductivity (EC) level of above 5dSm -1 . It is reported to control the transport of salts initially by selective uptake by root cells and ions entering into the root along with water through symplastic and apoplastic pathways (Das et al., 2015) .
Selection of the genotypes based on the quantitative characters is the most important criteria in the crop improvement programme.
Statistical measures viz., genetic variability, correlation and path coefficient analysis will be useful for the identification of appropriate genotypes for any environmental condition. Genetic variability indicates the presence of variations within the genotypes and the correlation studies aides in identifying the traits that influence yield. With this background, a study was formulated to assess the genetic variability and character association in segregating population of rice for the traits contributing to yield under sodicity.
Materials and Methods
An experiment was conducted at Anbil Dharmalingam Agricultural College and Research Institute, Tamil Nadu Agricultural University, Trichy during Samba season of 2018 to study the genetic variability and trait association among rice genotypes under sodic soil condition. Three F2 populations viz., ASD 16 × CSR 23, ASD 16 × Anna (R) 4 and MDU 6 × Ezhome1 (Table 1) along with their respective parents. The trial was laid out in natural sodic soil condition with a pH of 8.9 and EC of 2.5 dSm -1 . The three cross combinations ASD 16 × CSR 23, ASD 16 × Anna (R) 4 and MDU 6 × Ezhome1 are represented as cross I, cross II and cross III respectively.
The F2 seeds of three cross combinations were sown in a nursery along with the parents. Twenty DOI: 10.5958/0975-928X.2019.00076.0 seven days old seedlings were transplanted as single seedling per hill in the main field with a spacing of 20 cm × 20 cm in a Non-Randomized Block design. All agronomic practices and crop protection measures were followed at appropriate times as per the recommendations during the entire crop growth period. Observations were recorded on 12 yield contributing traits viz., days to flowering, plant height, flag leaf length, flag leaf width, number of productive tillers, panicle length, number of grains per panicle, spikelet fertility percentage, chlorophyll content (by Soil Plant Analysis Development (SPAD) chlorophyll meter), thousand grain weight, grain length breadth ratio and single plant yield in 300 randomly selected plants in each cross combinations.
Analysis of variance was estimated as per the procedure proposed by Panse and Sukhatme (1967) . Heritability was calculated based on the formula given by Lush (1940) and genetic advance by Johnson et al. (1955) . Correlation coefficients were estimated by the procedure suggested by Pearson (1897) and path coefficients by Dewey and Lu (1959) for all the traits.
Results and Discussion
The knowledge on variability present in any breeding population for traits of interest and their gene action is of paramount importance to undertake any successful selection for realization of tangible improvement. This information can be obtained from parameters like mean, range, Phenotypic Coefficient of Variation (PCV), Genotypic Coefficient of Variation (GCV), heritability, genetic advance and genetic advance as percent of mean. An attempt was made to study the above parameters in three F2 populations of rice viz., ASD 16 × CSR 23 (cross I), ASD 16 × Anna (R) 4 (cross II) and MDU 6 × Ezhome1 (cross III) and their corresponding parents.
Based on the mean performance, the highest single plant yield was obtained in segregants of cross III (18.60 g) followed by cross II (15.96 g) and cross I (11.38 g). A simple variability measure, range showed quite high variation for all the characters studied (Table 2) . In cross I, plant height ranged from 79 cm to 128 cm, flag leaf width varied from 0.7 cm to 1.8 cm and panicle length varied from 13.4 cm to 28.3 cm. In F2 population of cross II, days to flowering ranged from 72 days to 98 days, number of productive tillers varied from 3 to 25, spikelet fertility percentage ranged from 66.8 to 100, chlorophyll content ranged from 35 to 38 and single plant yield 7.43 g to 48.65 g. Range of flag leaf length varied from 15.1 cm to 28.9 cm, number of grains per panicle varied from 55 to 245, test weight ranged from 21.2 g to 29.9 g and grain length breadth ratio varied from 1.25 to 3.75 were observed in segregants of cross III. The present findings were in accordance with the results of Ali et al. (2018) in rice for days to flowering, number of productive tillers, panicle length, number of grains per panicle, spikelet fertility percentage and single plant yield; Bharath et al. (2018) in rice for plant height, flag leaf length, flag leaf width, number of productive tillers, panicle length, number of grains per panicle, test weight and grain length breadth ratio. These results indicated the existence of good amount of variability presenting scope for selection to identify good segregants under sodic soil condition.
In the present study, PCV values were observed to be higher as compared to GCV for all the traits but their difference was minimum, except for single plant yield (Table 2) . This suggested that, apart from single plant yield and numbers of productive tillers, all the other characters were predominantly influenced by genetic factors. In all the crosses, number of productive tillers, number of grains per panicle and single plant yield had higher values for both PCV and GCV. Similar findings were reported by Shet et al. (2012) , Bharath et al. (2018) and Badri et al. (2016) for number of productive tillers, Acharya et al. (2018) for number of grains per panicle, Yadav et al. (2010) and Acharya et al. (2018) for single plant yield in rice. Among the three cross combinations, single plant yield in all cross combinations and number of productive tillers in cross II showed wide difference between PCV and GCV which might be due to modifying or masking effect of environment. Abarshahr et al. (2011 ), Abhilash et al. (2018 , Adhikari et al. (2018) also reported environmental influence on inheritance of traits viz., number of productive tillers and single plant yield. Hence, the character number of grains per panicle may be used as a selection criterion for crop improvement in sodic soil.
Moderate values of PCV and GCV were obtained for the characters viz., plant height, panicle length and grain length breadth ratio in cross I. In cross II, the characters panicle length, grain length breadth ratio and thousand grain weight showed moderate PCV and GCV. The characters plant height, flag leaf length, flag leaf width, panicle length and chlorophyll content in cross III, recorded moderate PCV and GCV. These results are in conformity with the findings of Yadav et al. (2010) and Abhilash et al. (2018) for thousand grain weight and panicle length, Karim et al. (2016) for grain length breadth ratio, Shet et al. (2012) for plant height and Lakshmi et al. (2016) for chlorophyll content. DOI: 10.5958/0975-928X.2019.00076.0
The characters days to flowering and spikelet fertility percentage recorded lower estimates of PCV and GCV in all cross combinations. Similar results were registered in rice crop by Karim et al. (2016) for days to flowering and Singh et al. (2014) for spikelet fertility percentage. In cross I and cross II low PCV and GCV values were obtained for the characters flag leaf length and chlorophyll content. The trait thousand grain weight in cross I and cross III had low PCV and GCV values. Similar findings are in accordance with the results of Lingaiah (2018) for test weight and Kumar et al. (2015) for chlorophyll content. This indicated the lack of variability among the segregants for the above mentioned traits. Hence, selection of sodicity tolerant genotypes based on these characters may be less effective.
Except for the characters of chlorophyll content, for all other traits, high heritability was observed in cross I. In case of cross II, all characters were observed to have high heritability, whereas in the case of cross III, low heritability was recorded in chlorophyll content, spikelet fertility and grain length breadth ratio. Though heritability reflects the amount of genetic variability inherited from parent to their progenies (Lush, 1940) , selection of traits could be more precisely done by taking into consideration the genetic advance along with heritability (Johnson et al., 1955) .
In cross I, the characters flag leaf width and grain length breadth ratio possessed high heritability accompanied with high genetic advance which indicated the preponderance of additive gene action. Similar results were reported by Yadav et al. (2010) for flag leaf width and Bharath et al. (2018) for grain length breadth ratio. Single plant yield and number of productive tillers were observed to have high heritability with moderate genetic advance. This indicated that these characters were governed by additive and nonadditive gene action. Similar results were obtained in cross II for the character number of productive tillers, which had high heritability along with low genetic advance. In cross III, the number of productive tillers had high heritable value coupled with moderate genetic advance and the chlorophyll content had moderate heritability coupled with moderate genetic advance. Similar result was obtained for chlorophyll content by Kumar et al. (2015) . Flag leaf and width showed high heritability along with high genetic advance. The characters days to flowering, plant height, flag leaf length, panicle length, number of grains per panicle, single plant yield, and thousand grain weight studied in this experiment showed high heritability with low genetic gain which may be due to non-additive gene action and it can be improved by intermating of superior genotypes in this segregating population for selection in further generations. These results were in agreement with the findings of Abhilash et al. (2018) for days to flowering, plant height, thousand grain weight, panicle length, spikelet fertility percentage and single plant yield.
To develop a suitable plant type, information on association of desirable traits is an essential criterion. Correlation studies help a breeder to select the elite genotypes based on the information on the association of characters with the yield. The result of correlation analysis is furnished in Tables 3a, 3b and 3c. In cross I, number of productive tillers, panicle length, number of grains per panicle and thousand grain weight had highly significant positive correlation with single plant yield (Table  3a) . Spikelet fertility percentage showed positive association with the single plant yield and the same results were obtained in cross III also (Table 3c ). The highest positive correlation were recorded for the characters days to flowering, plant height, number of productive tillers, panicle length, number of grains per panicle, chlorophyll content with single plant yield at one percent level of significance and flag leaf width was positively correlated with single plant yield at five percent level of significance in cross II (Table 3b) . In cross III, plant height, number of productive tillers, panicle length and number of grains per panicle showed highly significant positive correlation with single plant yield.
The characters number of productive tillers, panicle length and number of grains per panicle showed high positive correlation with yield across all the crosses. These results are in accordance with the findings of Abhilash et al. (2018) for panicle length and number of productive tillers; Fiyaz et al. (2011) for number of grains per panicle with grain yield. These results revealed that selection for number of productive tillers, panicle length and number of grains per panicle will result in simultaneous increase in single plant yield. Hence, these characters would be better selection parameters while selecting for high yielding segregants under sodic soil conditions. Path analysis is a statistical measure which was developed by Wright (1921) . It separates the direct correlation as direct and indirect effects towards the dependent variable. The results of path coefficient analysis are presented in Tables 4a, 4b and 4c. The traits number of productive tillers and number of grains per panicle showed high positive direct effects on yield in cross II (Table 4b ) and cross III (Table 4c ) but it had positive negligible direct effect in cross I (Table 4a ). Thousand grain weight DOI: 10.5958/0975-928X.2019.00076.0 showed high positive direct effect on single plant yield in cross I. Panicle length in cross II showed negative direct effects on yield but it had high positive indirect effect through number of grains per panicle. In cross III, days to flowering and plant height are considered as the second most important characters which have low positive direct effects on yield. The characters number of productive tillers and number of grains per panicle had high positive direct effects in all the three cross combinations. Similar results were reported by Abhilash et al. (2018) and Sameera et al. (2016) for the character number of productive tillers and Nandeshwar et al. (2010) for number of grains per panicle. These results revealed that number of productive tillers and number of grains per panicle would be the suitable parameter for the selection of best segregants under sodic condition.
The results of the present study revealed that number of grains per panicle is the most dependable traits for direct selection, as this trait possessed high PCV and GCV values with narrow difference between them. Results of correlation study clearly indicated that yield in rice can be improved indirectly by selecting F2 segregants with more number of productive tillers and number of grains per panicle as these characters had high positive correlation with yield. Path coefficient analysis also reveals that number of productive tillers and number of grains per panicle had high direct effects under sodic condition. DOI: 10.5958/0975-928X.2019.00076.0 
